Background and Purpose-Data for a relationship between salt intake and stroke have been inconsistent. This inconstancy could be because of the majority of studies evaluated salt intake at a single time point, which may be insufficient to accurately characterize salt intake throughout the observation period. Methods-Included were 77 605 participants from the Kailuan study. We assessed perceived salt intake via questionnaire in 2006, 2008, and 2010. Salt intake trajectories from 2006 to 2010 were identified using latent mixture models. Incident stroke cases were identified from 2010 to 2015 and confirmed by review of medical records. Cox proportional hazards model was used to examine the association between salt intake trajectories and stroke risk after adjusting for possible confounders, including age, sex, lifestyle, social economic status, body mass index, use of medicines, blood pressure, and lipoprotein profiles. Results-Identified were 5 distinct salt intake trajectories: moderate-stable (n=59 241), moderate-decreasing (n=9268), moderate-increasing (n=2975), low-increasing (n=2879), and high-decreasing (n=3242 
A lthough during the past decade there has been a small decline, the burden of stroke remains enormous. Globally, stroke is the second leading cause of mortality 1 and disability. 2 According to data from 2016, in the United States, stroke was the fourth leading cause of mortality 1 and eighth leading cause of morbidity in 2016. 2 During the same year, in China stroke was the first leading cause of mortality 1 and morbidity. 2 Extensive studies have documented a positive association between salt intake and both stroke risk and other cardiovascular events. [3] [4] [5] [6] Consequently, population-wide approaches to reduce salt intake have been recommended. [7] [8] [9] However, several recent studies have raised questions about potential adverse effects associated with low salt intake and cardiovascular events. [10] [11] [12] [13] 15 In a review article, Whelton et al 14 identified several methodological concerns of these studies. For example, some studies 13, 15 were conducted in patients at high risk for cardiovascular diseases and stroke, which limits the generalizability of their results to general population.
Another potential reason for the mixed results is that the majority of studies evaluated salt intake at a single time point, usually at baseline, which may inaccurately characterize salt intake throughout the observation period. Change in salt intake in response to public health campaigns and changes in the food supply over time may be an important factor in accurately predicting risk and could be a critical factor in the future development of evidence-based guidelines for stroke prevention and treatment. We, thus, examined whether salt intake trajectories during a 4-year period were associated with subsequent stroke risk in ≈77 000 Chinese adults.
Methods
Deidentified data are available to researchers on request by contacting with Dr Wu or Dr Gao.
Participants
The current analysis was based on the Kailuan study, an ongoing community-based longitudinal cohort started in 2006, as detailed elsewhere. [16] [17] [18] In brief, in 2006 to 2007, 101 510 participants (81 110 men and 20 400 women, aged 18-98 years) underwent a comprehensive survey, including questionnaire (eg, demographic characteristics, medical comorbidities, medication use, and lifestyle factors), physical examination, and laboratory tests. The follow-up survey has been conducted biennially.
In the current study, 8873 participants were excluded because of a diagnosis of myocardial infarction, stroke, and cancer during or before 2010 (baseline of this analysis), and 15 032 participants were excluded because of missing perceived salt intake data in the 2006 or 2008/2010 surveys. In total, 77 605 participants were included in the analysis ( Figure I in the online-only Data Supplement). Compared with participants with missing perceived salt intake data, the participants included in the analysis were younger (53.6 versus 62.5 years), and more likely to be women (22.2% versus 13.7%), and had higher prevalence of cardiovascular disease risk factors (eg, smoking, physical inactivity, higher concentrations of hs-CRP [high sensitivity C-reactive protein] and LDL-C [low-density lipoprotein cholesterol], and lower concentrations of HDL-C [highdensity lipoprotein cholesterol]; Table I in the online-only Data Supplement). However, we did not observe significant difference in stroke risk between these 2 groups (Table I in the online-only Data  Supplement) .
This investigation was approved by the Ethics Committee of the Kailuan General Hospital. All participants gave their written informed consent. This article adheres to the American Heart Association Journals' implementation of the Transparency and Openness Promotion Guidelines.
Assessment of Stroke
The outcome was the first incident stroke, either fatal or nonfatal. Assessments of stroke incidence were conducted once a year during the follow-up period, from 2010 to 2015. Identification of incident stroke was described previously. 17, 19 In brief, potential stroke incidence was ascertained from 4 complementary sources: (1) Municipal Social Insurance Institution that covered all study participants, (2) Hospital Discharge Register centers, (3) death certificates, and (4) questionnaire survey (biennially since 2006). Potential stroke cases included those who were identified by the Ninth and Tenth Revision of International Classification of Diseases based on the first 3 sources or those who self-reported in questionnaire survey. According to the World Health Organization criteria combined with a brain computed tomography or magnetic resonance imaging scans, 3 cardiologists and neurologists reviewed the medical records to confirm the stroke diagnosis. Nonfatal strokes were defined as the sudden onset of focal neurological deficit with vascular mechanism lasting >24 hours. Fatal stroke cases were confirmed by medical records, autopsy reports, or death certificates, with stroke as the underlying cause of death. In the current study, only included were cerebral infarction and intracerebral hemorrhage and not included were epidural, subdural, or subarachnoid hemorrhage.
Assessment of Salt Intake and Covariates
Perceived salt intake was assessed in 2006, 2008, and 2010 by asking participants to rate their habitual daily salt intake as low, moderate, or high. Low was defined as <6 g/d (<2400 mg/d sodium intake), moderate as 6 to 10 g/d (2400-4000 mg/d sodium intake), and high as >10 g/d (>4000 mg/d sodium intake), as described elsewhere. 16 Although <6 g/d of salt is higher than the recommended salt intake (<5 g/d) by World Health Organization, the categorization is consistent low according to habitual intakes in China.
In 2012, random spot urine samples were collected from 231 Kailuan study participants with hypertension, who were not treated with antihypertensive drugs. Higher perceived salt intake was positively associated with estimated 24-hour urinary sodium excretion. 20 Average 24-hour urinary sodium excretion was 3745, 3930, and 3958 mg/d, respectively, across 3 perceived salt intake groups (P trend<0.001), after adjustment for age, sex, and blood pressure (BP).
Data on age, sex, smoking, alcohol intake, physical activity, education level, monthly income, and former medical history (eg, hypertension, diabetes mellitus, cancer, and active treatments, such as hypoglycemic, antihypertensive, and lipid-lowering medications) were collected by self-reported questionnaire. Height, weight, and BP were assessed by trained nurses during the surveys, as detailed previously. 17, 21 Body mass index was calculated as weight (kilogram)/ height (meter) 2 . Fasting (>12 hours) blood samples were collected into EDTA containing vacuum tubes. The plasma glucose, total cholesterol, triglyceride, HDL-C, LDL-C, creatinine, and hs-CRP were measured by auto analyzer (Hitachi 747; Hitachi, Tokyo, Japan) at the central laboratory at Kailuan general hospital. Estimated glomerular filtration rate was calculated using the Chronic Kidney Disease Epidemiology Collaboration creatinine equation.
Statistical Analysis
All analyses were conducted using SAS 9.3 (SAS Institute, Inc, NC). Two-sided P<0.05 was considered statistically significant.
Means and SD were calculated for normally distributed variables; median and interquartile range were calculated for non-normally distributed data; percentages were calculated for categorical data. The person-time of follow-up for each participant was determined from the completion date of the 2010 survey to either the date of the first occurrence of stroke, death, lost to follow-up (n=4869; 6.27%) or the end of follow-up (December 31, 2015), whichever came first.
The primary exposure of this analysis is the longitudinal change in perceived salt intake from 2006 to 2010. Based on study data, latent mixture modeling, within the PROC TRAJ procedure, was used to identify a posteriori trajectories that share the similar underlying perceived salt intake change. 22, 23 Censored normal appropriate for scaled data was used. Initially, a model with 1 trajectory pattern was used and then with 2, 3, 4, and up to 5 trajectory patterns were added. Model fit was assessed using the Bayesian Information Criterion; the best fit model is the one with the smallest negative number.
Cox proportional hazards model was used to investigate the association between salt intake trajectories and risk of developing stroke after adjustment for potential confounders, including age, sex, smoking, alcohol intake, education, physical activity, average monthly income, systolic BP, diastolic BP, estimated glomerular filtration rate, average concentration of triglycerides, HDL-C, LDL-C, hs-CRP, fasting blood glucose and body mass index, updated use of antihypertensive, hypoglycemic, and lipid-lowering medications from 2006 to 2010. The moderate-stable pattern with the most participants (76.3%) was set as reference group. The proportional hazards assumption was satisfied.
To examine whether the potential association between salt intake trajectories and stroke risk could be explained by salt intake at any 1 time point, further adjusts were made for 2006 or 2010 perceived salt intake, 1 at a time. In the secondary analysis, also examined was whether baseline perceived salt intake, based on a single assessment in 2010, was associated with future stroke risk.
We explored potential interaction between salt intake trajectories and age (<60 versus ≥60 years), sex, hypertension status (yes versus no), and kidney function (estimated glomerular filtration rate <60 
Results
In our study, the model with 5 trajectories based on perceived salt intake level and changing pattern from 2006 to 2010 was identified as the best fit by comparing the Bayesian Information Criterion (Table 1) . Overall, 76.3% of participants had a maintained moderate salt intake level (all perceived salt intake levels were moderate in 2006, 2008, and 2010 surveys, respectively, referred to as moderate-stable trajectory), 11.9% of the participants who started with moderate salt intake level changed to lower salt intake (perceived salt intake level was moderate in 2006, and low in 2008 and 2010 surveys, respectively, referred to as moderate-decreasing trajectory), 3.8% of the participants who started with moderate salt intake level changed to higher salt intake (perceived salt intake level was moderate in 2006 and high in 2008 and 2010 surveys, respectively, referred to as moderate-increasing trajectory), 3.7% of the participants who started with low salt intake level changed to moderate salt intake (perceived salt intake level was low in 2006 and moderate in 2008 and 2010 surveys, respectively, referred to as low-increasing trajectory), 4.2% of the participants who started with high salt intake level changed to moderate salt intake (perceived salt intake levels were high in 2006 and moderate in 2008 and 2010 surveys, referred as highdecreasing trajectory). Individuals with the moderate-decreasing trajectory were more likely to be younger, nonsmokers, and nondrinkers, had lower total cholesterol and systolic BP, relative to other groups (Table 2) .
During 5 years of follow-up (2010-2015), 1564 incident strokes cases (1362 cerebral infarction cases and 202 intracerebral hemorrhage cases) were identified. Compared with individuals with moderate-stable salt intake trajectory, individuals with the moderate-decreasing salt intake trajectory had significantly lower stroke risk, with adjusted hazard ratio of 0.77 and 95% confidence interval of 0.64 to 0.91. When the stroke subtype was considered, we observed a significant association between the moderate-decreasing salt intake trajectory and cerebral infarction (adjusted hazard ratio was 0.76; 95% confidence interval was 0.63-0.92). We found a similar trend for risk of intracerebral hemorrhage, and the association, however, was not significant (adjusted hazard ratio was 0.84; 95% confidence interval was 0.55-1.29).
Further adjustment for 2006 perceived salt intake or 2010 perceived salt intake generated similar results (Table 3) . We did not find any significant interactions between salt intake trajectories and sex, age, hypertension status, and kidney function in relation to stroke (all P interaction>0.05; Table II in the online-only Data Supplement). Consistently, we observed a significant dose-response relationship between a single assessment of salt intake at the baseline and future stroke risk (P trend=0.006; Figure) .
Discussion
In this large-scale prospective population-based cohort, perceived reductions in salt intake from moderate (2400-4000 mg/d sodium intake) to low (<2400 mg/d sodium intake) was associated with 23% lower risk of stroke, independent of a single assessment of perceived salt intake and other known risk factors for stroke, including BP. When a single assessment of perceived salt intake at baseline was used as exposure, we observed similar results-lower perceived salt intake was associated with lower future stroke risk. Our results provide further evidence to support the notion that reducing salt intake is beneficial, which contributes our understanding of stroke prevention.
The average sodium intakes exceed the World Health Organization recommended levels in almost all countries globally. 24 In China, average sodium intake was high, at ≈4830 mg/d, 24 which was more than twice the recommended intake levels (2000 mg/d) by World Health Organization. Consistently, in the current study, >75% of the participants had a maintained moderate salt intake level (2400-4000 mg/d sodium intake) during a 4-year period. We observed a significant association between the moderate-decreasing salt intake trajectory and lower further stroke risk, which has important public health implications. In a recent analysis based on the National Health and Nutrition Examination Survey, excess sodium intake (>2000 mg/d) was found to be the leading dietary factor associated with cardiometabolic mortality in the United States. 25 Specifically, high sodium intake was associated with 10.7% of deaths because of stroke. 25 Most research studies to date have focused on the health effects of salt intakes based on a single assessment, whereas little information is available on the health effect of salt intake changes over time. Interestingly, sodium intake in the US adult population did not decrease during past 5 decades. 26 Although no published studies were identified that assessed the association between salt intake change over time and risk of stroke, studies concluding that salt/sodium intake is positively associated with stroke risk 27, 28 and cardiovascular events (including stroke) 7, 29 have appeared, consistent with our observations. In contrast, a limited number of studies have suggested an increased stroke or cardiovascular events risk with low salt intakes. In an analysis based on 101 945 participants of the PURE study (Prospective Urban Rural Epidemiology), an estimated sodium excretion <3000 mg per day was associated with an increased risk of cardiovascular events, including stroke (adjusted hazard ratio was 1.27), compared with an estimated sodium excretion of 4000 to 5999 mg per day. 11 This association was not modified by hypertension status. 10 One possible reason for these conflicting results is we focused on change in salt intake over time rather than absolute salt intake at baseline and subsequent stroke risk. In addition, different methods were used to estimate sodium intake in the 2 studies. In the PURE study, salt intake was assessed using spot urine samples. In the Kailuan study, perceived salt intake 
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was assessed by questionnaire. Of note, given the limitations of our data set, we could not assess the association between sodium intake <3000 mg/d and stroke. A potential mechanism to explain the association between moderate-decreasing salt intake trajectory and lower stroke risk is the well-documented association between higher salt intakes and higher BP, 30 a major risk factor of stroke. 17, 31 However, in the current study, perceived salt intake was associated with stroke even after adjustment for hypertension status. In addition, a recent study reported that high salt intake could result in endothelial dysfunction and arterial stiffness, followed by fibrosis and decreased elasticity of large arteries. These changes are associated with an exacerbation of hypertension, hence increased stroke risk. 32 Low salt intakes may decrease systemic oxidative stress, 33 another risk factor for stroke. 34 We did not identify a trajectory with consistently high salt intake during 2006 to 2010 and thus cannot examine the potential harmful effects because of long-term high salt consumption. Interestingly, we did not observe significantly altered risk in the other trajectory patterns, which could be because of no actual relationship or lack of statistical powerthere were only ≈4% of participants in each of the patterns. If the former, the findings could have important implications for clinical recommendations.
A major limitation of the study is the use of self-report of salt intake, rather than 24-hour urine sodium excretion, to estimate the daily salt intake. For large-scale cohort studies, as the Kailuan study, such measures are not feasible. In a validation study, we found a significant dose-response association between perceived salt intake and estimated 24-hour urine sodium excretion, which is consistent with previous findings. 35, 36 Therefore, although imperfect, self-reported salt intake, as a surrogate of habitual salt intake, seems to be a feasible method to rank individuals according to their relative average salt intake, compare extremes in a large population, and predict the risk of relevant health outcomes. The possibility of residual confounding could not be ruled out although we controlled a wide range of biologically relevant potential confounders. For example, detailed dietary intake data were not available; thus, adjust for potential dietary confounders, such as total energy or saturated fat intake, could not be factored *Adjusted for age, sex, smoking (current, past, or never), alcohol intake (never, past, light, moderate, or heavy), education (illiteracy or elementary school, middle school, or college/university), physical activity (never, sometimes, or active), average monthly income of each family member (<¥500, ¥500-¥3000, or≥¥3000), systolic blood pressure (≤120, 121-139, ≥140 mm Hg), diastolic blood pressure (≤80, 81-89, ≥90 mm Hg), estimated glomerular filtration rate(≤30, 31-59, 60-89, ≥90 mL/ (min 1.73 m 2 ), average concentration of triglycerides, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, high sensitivity C-reactive protein, fasting blood glucose and body mass index, use of antihypertensive, hypoglycemic, and lipid-lowering medications (yes/no for each).
into the analyses. The model did include adjustment for obesity, fasting glucose concentration, and lipid profile (eg, triglyceride, HDL-C, and LDL-C), which were associated with dietary intake. Also unavailable are data on the reasons for changes in salt intake, which could confound the observed association between salt intake trajectories and stroke risk. Participants might have reduced salt intake because of the diagnosis of hypertension or other cardiovascular diseaserelated conditions. However, in that case, an increased risk of stroke may have been expected in those who decreased their salt intake. In contrast, lower stroke risk was observed in the moderate-decreasing pattern, relative to the moderate-stable pattern. The possibility of indication confounding cannot be excluded because significant results were only observed in participants with hypertension, but not in those with normal BP, although the difference between these groups was not statistically significant (P interaction=0.08). In addition, all participants in our study were residents in the Kailuan community, Tangshan city, and most were men (77.8%), therefore, the observed results may not be generalizable. However, Figure. Adjusted hazard ratios (HR) and 95% confidence intervals (CI) for risk of stroke (A), cerebral infarction (B), or intracerebral hemorrhage (C) according to perceived salt intake in 2010, adjusted for age, sex, smoking (current, past, or never), alcohol intake (never, past, light, moderate, or heavy), education (illiteracy or elementary school, middle school, or college/university), physical activity (never, sometimes, or active), average monthly income of each family member (<¥500, ¥500-¥3000, or ≥¥3000), systolic blood (Continued ) similar relationships between lower salt intake and lower subsequent stroke risk have been consistently observed in different ethnic groups and in those with different cultural backgrounds and dietary patterns. 5, 27 Finally, we did not collect the information on the different subtype of cerebral infarction, and thus we cannot further explore the potential effect of salt intake on different subtypes of ischemic stroke.
Conclusions
Our findings provide preliminary evidence identifying the importance of salt intake changes over time and stroke risk. Our study should be interpreted with caution because of the possibility of misclassification of exposure and presence of residual confounding. Further studies with precise assessment of salt intake are warranted to replicate the findings.
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